Hexavalent chromium induces energy metabolism disturbance and p53-dependent cell cycle arrest via reactive oxygen species in L-02 hepatocytes.
Hexavalent chromium [Cr(VI)] has become a non-negligible pollutant in the world. Cr(VI) exposure leads to severe damage to the liver, but the mechanisms involved in Cr(VI)-mediated toxicity in the liver are unclear. The present study aimed to explore whether Cr(VI) induces energy metabolism disturbance and cell cycle arrest in human L-02 hepatocytes. We showed that Cr(VI) inhibited state 3 respiration, respiratory control rate (RCR), and subsequently induced energy metabolism disturbance with decreased ATP production. Interestingly, cell cycle analysis by flow cytometry and protein expression analysis by western blotting revealed that low dose of Cr(VI) (4 uM) exposure induced S phase cell cycle arrest with decreased mediator of replication checkpoint 1 (Mrc1) and cyclin-dependent kinase 2 (CDK2), while higher doses of Cr(VI) (16, 32 uM) exposure resulted in G2/M phase arrest with decreased budding uninhibited by benzimidazoles-related 1 (BubR1) and cell division cycle 25 (CDC25). Mechanism study revealed that Cr(VI) decreased the activities of mitochondrial respiratory chain complex (MRCC) I and II, thus leading to ROS accumulation. Moreover, inhibiting ROS production by antioxidant N-acetyl-L-cysteine (NAC) rescued Cr(VI)-induced ATP depletion and cell cycle arrest. ROS-mediated p53 activation was found to involve in Cr(VI)-induced cell cycle arrest, and p53 inhibitor Pifithrin-α (PFT-α) rescued Cr(VI)-induced reduction of check point proteins Mrc1 and BubR1, thus inhibiting cell cycle arrest. In summary, the present study provides experimental evidence that Cr(VI) leads to energy metabolism disturbance and p53-dependent cell cycle arrest via ROS in L-02 hepatocytes.